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Process for reducing the lime consumption in sugar beet juice 

purification 



Description 

The present invention relates to an improved process 
for extract purification of sugar beet raw juice, especially 
to a process for reducing the lime consumption during the 
extract purification of sugar beet raw juice, to a process 
for producing a nutrient-rich non-sucrose concentrate from 
sugar beet raw juice, to the non-sucrose substance 
concentrate thus produced, to uses of the non-sucrose 
substance concentrate and to an apparatus for preliming sugar 
beet raw juice and/or for obtaining the non-sucrose substance 
concentrate . 

Conventionally, sugar is obtained from beets by first 
cleaning the harvested beets, which frees them of a majority 
of the earth still adhering and of leaf residues. After 
passing through a washing step, the beets are sliced to 
pencil-thick chips by cutting machines. The sugar is obtained 
from the chips by countercurrent extraction using hot, 
slightly acidified water having a pH of about 5.5 to 5.8. The 
acidification of the extraction liquid promotes the 
filtration of the sugar beet raw juice and the ability of the 
extracted chips to be pressed out. The sugar beet raw juice 
obtained in the extraction is subsequently sent to an extract 
purification. Typically, the extract is purified with the aid 
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of so-called lime-carbonic acid extract purification in the 
form of a preliming step and main liming step, and of a first 
and second carbonatation step and of the removal of the 
precipitate after the first and second carbonatation. The 
extract purification has the task of very substantially 
removing the non- sucrose substances present in the sugar beet 
raw juice, especially high molecular weight substances. The 
non-sucrose substances to be removed should as far as 
possible not be degraded, so that no additional low molecular 
weight substances get into the extract or sugar beet raw 
juice . 

In the preliming step, the sugar beet raw juice is 
alkalized by adding milk of lime stepwise under gentle 
conditions. This raises the pH of the sugar beet raw juice in 
the preliming reactor stepwise to about 11.5. The preliming 
is effected with addition of defined amounts of calcium 
hydroxide (milk of lime) , the alkalinity of the juice at the 
end of the preliming step being about 0.1 to 0.3 g of 
CaO/100 ml of sugar beet raw juice. Owing to the alkalization 
of the sugar beet raw juice, there is neutralization of the 
organic and inorganic acids present in the extract, and there 
are also precipitation reactions of the anions which form 
insoluble or sparingly soluble salts with calcium. For 
example, phosphate, oxalate, citrate and sulfate are very 
substantially separated out. In addition, colloidally 
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dissolved non-sucrose substances coagulate and are 
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precipitated out. The precipitation of individual 
ingredients, for example of anions such as oxalate, 
phosphate, citrate, sulfate or of colloids such as pectin and 
protein substances proceeds within certain pH ranges. Within 
these pH regions, compaction of the precipitate takes place 
simultaneously. As a result of the addition of milk of lime 
during the preliming, there is also coagulation of proteins. 

The object of the main liming performed subsequently 
consists especially in the chemical degradation of invert 
sugar and amides, which would otherwise proceed in the region 
of the juice thickening with formation of acid. In the main 
liming step, the temperature is raised to about 85 °C and the 
alkalinity of the sugar beet raw juice is increased 
significantly by the addition of milk of lime, specifically 
to about 0.8 to 1.1 g of CaO/100 ml of juice. The processes 
desired in the main liming proceed in the classical process 
only under such drastic conditions. The lime added in excess 
in the main liming also plays a large part in the first and 
second carbonatation . Conversion to calcium carbonate 
provides a strong adsorbent for a series of soluble non- 
sucrose substances and also a suitable filter assistant. The 
lime unconsumed in the main liming process is converted to 
calcium carbonate by introduction of carbon dioxide as a 
carbonatation gas in the two carbonatation steps. The 
carbonatation is effected in two stages. In the first stage 
of the carbonatation, gas is introduced up to a pH of about 
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11.2 to 10.6, which corresponds to an alkalinity of 0.10 to 
0.06 g of CaO/100 ml of filtrate of the first carbonatation . 
In the first carbonatation, the non-sucrose substances which 
have precipitated out and flocculated out, and a portion of 
the dyes present in the sugar beet raw juice are bound 
adsorptively to the calcium carbonate formed. The so-called 
first carbonated juice obtained in the first carbonatation is 
filtered through thickening filters (candle filters) or 
decanters passed, and thickened to carbonated juice 
concentrate. This removes the non-sucrose substances which 
have precipitated out and flocculated out and are bound to 
calcium carbonate from the juice. Typically, the first 
carbonatation is followed by a postliming step, in which the 
juice is admixed with a little milk of lime and then 
carbonatated further in the second carbonatation step. In the 
second carbonatation stage too, carbonatation gas is 
supplied, the alkalinity to be established, known as the 
optimal alkalinity, being 0.025 to 0.010 g of CaO/100 ml of 
filtrate of the second carbonatation. The alkalinity 
corresponds to a pH of about 9.0 to 9.30. In the second 
carbonatation, the so-called second carbonated juice forms, 
which is likewise filtered through thickening filters and 
thickened. The calcium carbonate sludges (carbonated sludge 
concentrates) concentrated by means of the thickening filters 
in the first and second carbonatation are typically combined 
and pressed out by means of membrane filter presses. This 
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forms the so-called carbolime. This carbolime is a storable 
product having a dry substance content of more than 70% and 
is used as a fertilizer. Typically, a portion of the 
carbonated juice concentrate is returned to the preliming. 

The sugar beet raw juice purified in the extract 
purification, which is also referred to as thin juice and 
contains about 15 to 17% sugar, is then thickened to a thick 
juice with about 65 to 7 0% sugar and then concentrated in 
crystallizers until a viscous mass, known as the massecuite, 
with about 85% sugar. Centrif ugation of this mass then 
finally affords white sugar. 

A considerable disadvantage of the conventional 
lime-carbonic acid extract purification is in particular that 
only a relatively small purification effect is achieved, 
since only a maximum of 40% of all non-sucrose substances are 
removed from the sugar beet raw juice. A further disadvantage 
is that the process requires very large amounts of lime, and 
the amount of lime consumed can make up about 2.5% of the 
total weight of the processed sugar beets. The production of 
the lime used in the lime-carbonic acid extract purification 
process and the disposal of the waste formed in the quicklime 
production are, however, relatively expensive. The CO2 
emissions from limekiln and juice purification plant are also 
very high. Furthermore, the carbolime which is obtained in 
the lime-carbon dioxide extract purification process and 
consists of lime and removed juice impurities can be used 
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only as fertilizer. 

The technical problem on which the present invention 
is based is therefore to provide an improved process for 
extract purification of sugar beet raw juice, in which 
especially the lime consumption for the extract purification 
is reduced. 

The present invention solves the technical problem 
underlying it especially by providing a process for extract 
purification of sugar beet raw juice, comprising the 
following process steps to be performed sequentially: 

a) preliming of the raw juice by adding milk of lime 
until a concentration of about 0.1 to 0.3 g of CaO/100 ml of 
raw juice has been attained for precipitation or/and 
coagulation of non-sucrose substances in the form of a 
coagulate, 

b) addition of at least one copolymer of acrylamide 
and sodium acrylate having a molar mass of about 5 million to 
about 22 million as a polyanionic flocculant up to a 
concentration of 1 to 8 ppm, 

c) removal of the coagulate from the preliming juice 
using at least one first removal apparatus to obtain a clear 
preliming juice, 

d) main liming of the preliming juice obtained after 
removal of the coagulate by adding milk of lime until a 
concentration of about 0.6 g of CaO/100 ml in the clear pre- 
liming juice has been attained, and 
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e) performance of a first carbonatation by- 
introducing carbon dioxide into the main liming juice and 
optional subsequent performance of a second carbonatation. 

In a particular embodiment of the invention, steps 
a) and b) can also be carried out simultaneously. 

The process according to the invention thus 
envisages that the preliming in itself is performed in a 
substantially identical manner to the preliming processes 
customary to date. In contrast to the customary processes, 
the non-sucrose substances precipitated or coagulated during 
the preliming, however, are removed actually after the 
preliming and not, as is customary, only after the first and 
second carbonatation. According to the invention, apart from 
milk of lime and the polyanionic flocculant mentioned, which 
is not a coagulation agent but rather a flocculation agent, 
no further flocculating or coagulating agent is used. 

Since the sugar beet raw juice is already distinctly 
pure after the preliming as a result of the removal of the 
non-sucrose substances which have been precipitated out and 
flocculated out, numerous advantages for the further 
processing of the sugar beet raw juice arise. In particular, 
considerably less milk of lime has to be added in the main 
liming to the preliming juice clarified in accordance with 
the invention than in the case of conventional lime-carbonic 
acid extract purification processes. While the alkalinity of 
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the juice in the main liming has to be increased to about 0.8 
to 1.1 g of CaO/100 ml of juice in conventional processes, 
the process according to the invention requires merely an 
increase in the alkalinity to about 0.6 g of CaO/100 ml of 
juice. Furthermore, in contrast to conventional processes, 
the preliming as per the application can be performed without 
the customary recycling of carbonated juice concentrate from 
the carbonatation stage into the preliming. Also, it is no 
longer required, in contrast to conventional processes, that 
the sugar beet raw juice has to be postlimed after the first 
carbonatation stage. The inventive extract purification 
process is thus notable in an advantageous manner for a 
significantly reduced lime consumption. The process according 
to the invention thus leads to a significant reduction in 
costs of the sugar beet raw juice purification, not least 
also because the plants required for the production of 
quicklime can be reduced in size considerably. 

The inventive procedure is made possible 
particularly by the use of selected flocculants which, under 
the given process conditions, enable particularly efficient 
extract purification of sugar beet raw juice without addition 
of further assistants such as coagulating agents. This is 
because it has been found in accordance with the invention, 
surprisingly, that when quite specific polyanionic 
flocculants are used, specifically anionic copolymers of 
acrylamide and sodium acrylate having a molar mass of about 5 
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million to about 22 million, in particular AN 945, 2440 and 
2540, in an amount of 1 to 8 ppm, the aforementioned 
efficient purification is ensured. In the above teaching, 
unless stated otherwise, ppm is understood to mean ppm 
wt./wt. (w/w) (based on weight) . 

Owing to the substantially lower contamination with 
precipitated calcium carbonate, the f ilterability of the 
carbonated juices obtained using the process as per the 
application, especially of the first carbonated juice, is 
improved to a considerable • degree . In-house experiments on 
the pilot plant scale have shown that the coefficient of 
filtration of the carbonated juices obtained in accordance 
with the invention is significantly below 0.5 s/cm 2 , while 
the coefficients of filtration of the carbonated juices 
obtained using conventional extract purification processes 
are 1 to 3 s/cm 2 . The filtration properties, improved in 
accordance with the invention, of the carbonated juices and 
the inventive reduction in the amount of calcium carbonate 
formed also has the result that the capacities, required in 
the carbonatation stages, of thickening filters and membrane 
filter presses can likewise be reduced considerably in 
accordance with the invention. 

The process according to the invention for purifying 
sugar beet raw juice is additionally advantageously also 
suitable for processing beet material of poor quality, 
especially of deteriorated beets. A further considerable 
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advantage of the process according to the invention is also 
that the removal of the non-sucrose substances which have 
precipitated out and flocculated out in the preliming forms a 
new product in sugar production, which features a high 
content of phosphate and which can therefore be used 
especially as an animal feed constituent, but also as a 
fertilizer. According to the invention, the quality of the 
carbolime obtained in the pressing-out of the carbonated 
juice concentrate also improves, especially with regard to 
its use as a fertilizer. Compared to the carbolime which is 
obtained using conventional lime-carbonic acid extract 
purification processes, the carbolime obtained in accordance 
with the invention features a substantially higher content of 
calcium carbonate and a considerably reduced content of 
colloids. The carbolime obtained using the process obtained 
in accordance with the invention is in particular low in 
phosphate. In some European regions, problems exist with the 
overf ertilization of farm land, especially with phosphate. 
The carbolime obtained in accordance with the invention can 
therefore be used as a soil improver especially in such 
soils . 

The process according to the invention also leads 
not least to a distinct reduction of CO2 emissions from 
limekiln and extract purification plant. In view of ever- 
increasing severity of environmental legislation with 
introduction of a carbon dioxide tax, this is extremely 
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advantageous . 

"Preliming" is understood to mean the addition of 
milk of lime to sugar beet raw juice or sugar beet extract up 
to about 0.1 to 0.3 g of CaO/100 ml of sugar beet raw juice. 
In the preliming, the sugar beet raw juice is alkalized under 
gentle conditions, the pH of the sugar beet raw juice being 
raised from about 6 to about 11.5. The preliming serves to 
flocculate out non-sucrose substances such as pectin and 
proteins, and for precipitation of sparingly soluble calcium 
salts . 

In connection with the present invention, "sugar 
beet raw juice" or "sugar beet extract" is understood to mean 
the juice which is extracted from chips by countercurrent 
extraction at about 65 to 75°C in the so-called diffusion 
process. In addition to sugar, this sugar-rich sugar beet raw 
juice also comprises various organic and inorganic 
constituents of the beets, which are referred to as non- 
sucrose substances or non-sugar substances. 

In connection with the present invention, the "non- 
sucrose substances" or "non- sugar substances" present in the 
sugar beet raw juice are understood to mean high molecular 
weight substances such as protein substances, polysaccharides 
and cell wall constituents, and also low molecular weight 
organic compounds such as inorganic or organic acids, amino 
acids and mineral substances. The cell wall constituents are 
in particular pectins, lignin, cellulose and hemicellulose . 
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Just like the proteins, which include nucleoproteids in 
particular, these substances are present as hydrophilic 
macromolecules in colloidally disperse form. The organic 
acids are, for example, lactates, citrates and oxalates. The 
inorganic acids are in particular sulfates and phosphates. 

According to the invention, "milk of lime" refers in 
particular to calcium hydroxide which is formed in the highly 
exothermic reaction of quicklime (calcium oxide) with water 
and is used as the liming agent in the preliming and main 
liming. The addition of milk of lime to the sugar beet raw 
juice in the preliming brings about the precipitation or 
coagulation of non-sucrose substances in the form of a 
coagulate . 

According to the invention, a "coagulate" is 
understood to mean the agglomerates, formed owing to a 
flocculation process, of the non-sucrose substances present 
in the sugar beet raw juice, which is also referred to as a 
protein-containing fraction from the preliming. The coagulate 
comprises in particular the insoluble or sparingly soluble 
salts which form as a result of reaction of the anions of 
organic or inorganic acids with calcium, and the precipitated 
high molecular weight sugar beet raw juice constituents, 
especially having hydrophilic character, such as protein 
substances, polysaccharides and cell wall constituents, which 
are normally distributed in a colloidally disperse manner in 
the sugar beet raw juice. The flocculation process is divided 
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into a flocculation in which the aggregation is effected by- 
adsorption of bridge- forming polymers, and a coagulation in 
which the aggregation is effected by degradation or reduction 
of repulsive forces. The flocculation rate is dependent upon 
the temperature, the pH and the way in which the milk of lime 
is added. The supply of mechanical energy, for example in the 
course of stirring and shaking, thermal energy, for example 
by temperature increase, electrical energy, etc. can 
accelerate the flocculation or coagulation. The precipitation 
of individual juice ingredients, for example anions such as 
oxalate, phosphate, citrate and sulfate, and also colloids 
such as pectin and protein, is effected in certain pH ranges, 
a compaction of the precipitate taking place within these pH 
ranges. The pH at which a maximum amount of colloids is 
flocculated out and the precipitation of insoluble lime salts 
is virtually complete is referred to as the optimal 
flocculation point of the preliming. When the precipitation 
is effected at the optimal flocculation point, there is 
uniform stable flocculation out of colloidally disperse high 
molecular weight juice constituents. 

The precipitation and coagulation of pectins and 
proteins requires a particular temperature- dependent 
residence time. The invention envisages that the preliming 
can be carried out either as a cold or as a warm preliming. 
Preference is given to performing the cold preliming at a 
preliming temperature of about 38 to 40°C. One advantage of 
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the cold preliming consists in a color-improving effect in 
the case of thin juice, a lower content of non-sucrose 
substances, a more effective invert sugar degradation and an 
overall higher extract purification effect. However, the 
possibility also exists in accordance with the invention of 
performing the addition of the milk of lime to the sugar beet 
raw juice as a warm preliming at a temperature of the sugar 
beet raw juice of 55°C to 75°C. A warm preliming has the 
advantage over the cold preliming in particular that the 
treated sugar beet raw juice has less microbial 
contaminations . 

Preferably in accordance with the invention, the 
addition of milk of lime to the preliming of the sugar beet 
raw juice is effected as a progressive preliming. The 
progressive preliming by a gradual increase in the alkalinity 
or in the pH of the sugar beet raw juice is effected 
preferably by slowly feeding the milk of lime lining agent or 
by small interrupted individual milk of lime additions, the 
pH optimum in particular being passed through slowly. The 
advantages of progressive preliming include an improvement in 
the filtration properties of the treated juice, a lighter 
thick juice color and avoidance of overalkalization . In 
addition, the progressive preliming enables a continuous 
procedure . 

The invention likewise envisages that the 
progressive alkalization of the sugar beet raw juice during 
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the preliming can be effected in countercurrent by an already 
alkalized sugar beet raw juice, for example by means of the 
carbonated juice concentrate from the carbonatation stages. 
The progressive alkalization in countercurrent means that the 
returned juice of higher alkalinity is mixed as rapidly as 
possible with a juice of lower alkalinity, without different 
alkalinity gradients being able to build up within the mixing 
zone. Using suitable transport systems in the preliming 
apparatus, it is ensured within the system that the required 
recycling amount is conducted with high constancy against the 
main flow direction. 

According to the invention, it is envisaged, after 
the preliming and before the removal of the coagulate formed, 
to add to the preliming juice at least one copolymer of 
acrylamide and sodium acrylate with a molar mass of about 
5 million to about 22 million as a polyanionic flocculant up 
to a concentration of 1 to 8 ppm. In connection with the 
present invention, a u f locculant " is understood to mean a 
substance which influences the zeta potential of particles in 
colloidal suspensions, such that they aggregate to floes and 
can be removed from the system, for example after 
sedimentation. Flocculants therefore have to overcome the 
electrostatic repulsion of the particles which are usually 
negatively charged in water. According to the invention, the 
flocculants may also be flocculating assistants or 
sedimentation accelerants. In connection with the present 
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invention, "flocculating assistants" or * sedimentation 
accelerants" are understood to mean compounds which bring 
about the agglomeration of solid particles to larger units or 
floes. As a result of the agglomeration as floes, the solids 
can settle out significantly more rapidly owing to their 
greater mass. At the same time, the pores between the 
individual particles are enlarged, so that the water which is 
present in the settled sludge can be removed readily by 
filtration or centrifugation . The polyanionic flocculants 
used in accordance with the invention have no coagulating 
action whatsoever, since they do not influence the dispersion 
of the particles in the liquid phase, but rather bring about 
the aggregation of the particles by absorption of bridge- 
forming polymers. 

The copolymers of acrylamide and sodium acrylate 
used as polyanionic flocculants in accordance with the 
invention are synthetic organic water-soluble poly- 
electrolytes having a relatively large molecular weight of 
about 5 million to about 22 million. These compounds are 
moderately to highly ionic. Particularly preferred 
flocculants are the products 2440 and 2540 (from Stockhausen) 
and AN 945 (from Clarflok) . 

The invention envisages, after a sufficient 
residence time, the removal of the coagulate formed during 
the preliming and optionally with use of a flocculant from 
the preliming juice using a separation or removal apparatus. 
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According to the invention, a "removal apparatus" or 
"separation apparatus" is understood to mean in particular an 
apparatus for solid/liquid separation. The solid/liquid 
separation is based on mechanical processes which are based 
on the utilization of gravity, centrifugal force, pressure or 
vacuum. The solid/liquid separation processes on which the 
mode of action of a removal apparatus used in accordance with 
the invention is based include, for example, decantation, 
filtration, sedimentation, clarification and centrif ugation. 

In a preferred embodiment of the invention, the 
first removal apparatus used is a decanter, especially a 
static or dynamic decanter. A "decanter", especially static 
or dynamic decanter, is understood to mean a device or an 
apparatus which serves to mechanically remove sedimented 
substances from a liquid by the sedimentation principle with 
the aid of gravity. In particular, the invention envisages 
that, using the decanter, the non-sucrose substances which 
have precipitated out or flocculated out after the preliming 
are removed from the preliming juice such that one part by 
volume of sludge, based on nineteen parts by volume of 
preliming juice, settles out at the underflow of the 
decanter. In the case of recycling of carbonated juice 
concentrate from the carbonatation stages into the preliming, 
the invention envisages that, using the decanter, the non- 
sucrose substances which have precipitated out or flocculated 
out after the preliming are separated from the preliming 
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juice such that one part by volume of sludge, based on 
nineteen parts by volume of preliming juice, settles out at 
the underflow of the decanter. 

In particular, the invention envisages, in a 
preferred embodiment, that 1 to 3 ppm of flocculant are added 
to the preliming juice when a decanter is used as the first 
removal apparatus . 

In a further preferred embodiment of the invention, 
the first removal apparatus used is a centrifuge. A 
centrifuge is understood to mean an apparatus for separating 
substance mixtures by utilizing the centrifugal force. The 
separation material present in the interior of the rotating 
centrifuge is exposed to the centrifugal force. The 
centrifuge used as the first removal apparatus is preferably 
a pan centrifuge or a decanter centrifuge. According to the 
invention, a "pan centrifuge" or a "pan separator" is 
understood to mean a centrifuge having rotating conical 
baffle plates, at which the heavier components are guided 
outward, while the lighter components collect close to the 
axis, whence they are guided away outward. According to the 
invention, a "decanting centrifuge" is understood to mean a 
usually conical and frequently continuous screw discharge 
centrifuge . 

In particular, the invention envisages that 1 to 
8 ppm of flocculant are added to the preliming juice,, for 
example when a pan centrifuge or decanter centrifuge is used 
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as the first removal apparatus. 

In a further preferred embodiment of the invention, 
it is envisaged that the coagulate removed from the clear 
preliming juice using the first removal apparatus is 
concentrated further and thickened using a second removal 
apparatus, with use of a second removal apparatus. 

Preferably in accordance with the invention, the 
further thickening and concentration of the coagulate is 
effected using one or more membrane filter press (es) 
(vertical cake discharge) or one or more automatic filter 
presses (horizontal cake discharge) as the second removal 
apparatus. In connection with the present invention, a 
"membrane filter press" is understood to mean a filter 
apparatus which is designed either as a frame filter press or 
as a chamber filter press. A membrane filter press designed 
as a frame filter press consists of a multitude of 
rectangular, vertical, grooved plates connected in parallel, 
which are covered with membranes or designed as membrane 
filters, and intermediate frames for accommodating the 
filtercake. A membrane filter press designed as a chamber 
filter press consists of a multitude of membrane filter 
plates whose thick edge protrudes relative to the actual 
filter surface, so that a chamber for accommodating the 
filtercake forms between two such plates. In the course of 
thickening and concentration of the coagulate using a 
membrane filter press, pressing-out of a further clear 

{00763831.1} 



- 20 - 



preliming juice, in accordance with the invention, affords a 
filtercake which has a dry substance content of about 60 to 
70%. 

According to the invention, the coagulate obtained 
using the first removal apparatus may also be thickened 
further and concentrated using one or more decanter 
centrifuges, one or more vacuum rotary filters and/or pan 
separators as the second removal apparatus to obtain a non- 
sucrose substance concentrate with a high dry substance 
content of about 40 to 70%, in particular 60 to 70%, and a 
further clear preliming juice. 

The non-sucrose substance concentrate obtained using 
the second removal apparatus, or the non-sucrose substance 
filtercake obtained with a dry substance content of about 40 
to 70%, in particular 60 to 70%, is particularly nutrient- 
rich with an especially high phosphate content. This product 
constitutes a new type of product in sugar production. 

According to the invention, the clear preliming 
juices obtained by the removal steps using the first and 
second removal apparatus are combined and then subjected to a 
main liming. In connection with the present invention, a 
"main liming" is understood to mean the further addition of 
milk of lime to the preliming juice to increase the 
alkalinity of the preliming juice at elevated temperature to 
obtain a main liming juice. The object of the main liming 
consists in particular in the chemical degradation of invert 
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sugar and amides. In particular, the invention envisages that 
the main liming is performed by adding milk of lime up to 
about 0.6 g of CaO/100 ml to the clear preliming juice which 
has been obtained after removal of the coagulate. In the main 
liming, the temperature is raised to about 85°C. 

The invention envisages subjecting the main liming 
juice obtained in the main liming subsequently to a first 
carbonatation by adding carbon dioxide to obtain a first 
carbonated juice. In connection with the present invention, a 
"carbonation" or "carbonatation" is understood to mean the 
reaction of the lime unconsumed in the main liming with 
carbon dioxide to form calcium carbonate. As a result of the 
addition of carbon dioxide, the calcium hydroxide dissolved 
in the main liming juice is converted to calcium carbonate, 
the pH in the carbonatation reaction being lowered stepwise 
to about 10.6 to 11.4. In the first carbonatation, the non- 
sucrose substances and dyes still present in the main liming 
juice are bound adsorptively to the calcium carbonate. 

According to the invention, the first carbonated 
juice formed after the first carbonatation in the 
carbonatation reactor is filtered using candle filters to 
obtain a first carbonated juice concentrate and a first clear 
carbonatation juice. According to the invention, a "candle 
filter" is understood to mean a filter apparatus in upright 
design with suspended filter inserts. As filter inserts, the 
candle filter may contain either ceramic and plastic filter 
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inserts or elements with fabric of polymer or metal, and also 
slotted tubes or wound candles. 

The invention also envisages that a portion of the 
first carbonated juice concentrate can be used for the 
preliming of the sugar beet raw juice. 

According to the invention, the clear carbonatation 
juice obtained in the first carbonatation is subjected to a 
second carbonatation by adding carbon dioxide to obtain a 
second carbonated juice. The introduction of carbon dioxide 
in the second carbonatation lowers the pH of the treated 
sugar beet raw juice to about 9.2. The resulting second 
carbonated juice is likewise filtered through a thickening 
filter, for example a candle filter. 

The invention envisages that the first and/or the 
second carbonated juice concentrate is combined with a 
portion of the coagulate obtained from the first or from the 
second removal apparatus and concentrated further by means of 
one or more membrane filter presses, or that the first and/or 
the second carbonated juice concentrate is concentrated 
further by means of one or more membrane filter presses. 
According to the invention, the f ilterability of the first 
and second carbonated juice is significantly improved owing 
to the lower loading of the treated sugar beet raw juice with 
impurities compared to the carbonated juices obtained in 
conventional lime-carbon dioxide extraction processes. While 
the first carbonated juice obtained in conventional processes 
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after the first carbonatation has a coefficient of filtration 
FC of about 1 to 3 sec/cm 2 , the carbonated juice of the first 
carbonatation obtained using the inventive extraction process 
has a coefficient of filtration of less than 0.5 sec/cm 2 . The 
second carbonated set obtained in the process according to 
the invention also has significantly improved filtration 
properties compared to the second carbonated juices obtained 
using conventional processes. This leads to an increase in 
the press capacity as a result of increase of the filtration 
rate and an increased lifetime of the filter cloths. The 
carbolime obtained from the first and second carbonated juice 
concentrates by means of the membrane filter press 
additionally has several advantages over the carbolime which 
is obtained using conventional processes. Thus, the carbolime 
obtained in accordance with the invention consists of almost 
pure calcium carbonate and contains a substantially smaller 
amount of non- sucrose substances, in particular a very small 
amount of phosphate. The carbolime obtained in accordance 
with the invention can therefore be used in particular as a 
fertilizer for farmlands which have been overf ertilized. 

The technical problem on which the present invention 
is based is likewise solved by a process for reducing the 
lime consumption in the purification of sugar beet raw juice, 
the process comprising the following steps in sequential 
order: 

a) preliming of the sugar beet raw juice by adding milk 
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of lime to the sugar beet raw juice until a 
concentration of about 0.1 to 0.3 g of CaO/100 ml of 
sugar beet raw juice has been attained for 
precipitation or/and coagulation of non-sucrose 
substances in the form of a coagulate, 

b) addition of at least one copolymer of acrylamide and 
sodium acrylate having a molar mass of about 
5 million to about 22 million as a polyanionic 
flocculant up to a concentration of 1 to 8 ppm, 

c) removal of the coagulate from the preliming juice 
using at least one first removal apparatus to obtain 
a clear preliming juice, 

d) main liming of the clear preliming juice obtained 
after removal of the coagulate by adding milk of lime 
until a concentration of about 0.6 g of CaO/100 ml in 
the clear preliming juice has been attained, and 

e) performance of a first carbonatation by introducing 
carbon dioxide into the main liming juice and 
subsequent performance of a second carbonatation 
without intermediate postliming. 

In a particular embodiment of the invention, steps a) 
and b) may also be performed simultaneously. 

According to the invention, 1 to 8 ppm of flocculant 
are added, for example in the case of use of pan centrifuge 
or of a decanter centrifuge as the first removal apparatus. 
When a static or dynamic decanter is used as the first 
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removal apparatus, preference is given in accordance with the 
invention to adding 1 to 3 ppm of flocculant. Flocculants 
particularly preferred in accordance with the invention are 
the products AN 945, 2440 and 2540. 

According to the invention, the coagulate obtained 
using the first removal apparatus is concentrated using a 
second removal apparatus to remove a further clear preliming 
juice. According to the invention, the second removal 
apparatus comprises one or more decanter centrifuge ( s ) and/or 
pan separator(s) or membrane filter press(es). 

According to the invention, the clear preliming 
juices obtained using the first and second removal apparatus 
are then combined and subjected to a main liming. The main 
liming juice obtained in the main liming is then, in 
accordance with the invention, subjected to a first 
carbonatation by adding carbon dioxide to obtain a first 
carbonated juice. The first carbonated juice is subsequently 
filtered by means of a candle filter to obtain a first 
carbonated juice concentrate and a clear carbonatation juice. 
According to the invention, the first clear carbonatation 
juice is subjected to a second carbonatation by introducing 
carbon dioxide to obtain a second carbonated juice. 

The technical problem on which the present invention 
is based is likewise solved by a process for producing a 
nutrient-rich, non-sucrose substance concentrate from sugar 
beet raw juice, the process comprising the following process 
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steps to be performed sequentially: 

a) preliming of the sugar beet raw juice by adding milk 
of lime until a concentration of about 0.1 to 0.3 g 
of CaO/100 ml of sugar beet raw juice is attained for 
precipitation and/or coagulation of the non-sucrose 
substances present in the sugar beet raw juice in the 
form of a coagulate, 

b) addition of at least one copolymer of acrylamide and 
sodium acrylate having a molar mass of about 
5 million to about 22 million as a polyanionic 
flocculant up to a concentration of 1 to 8 ppm, and 

c) removal of the coagulate from the preliming juice 

■ 

using at least one first removal apparatus. 

In a particular embodiment, steps a) and b) may also 
be performed simultaneously. 

The non-sucrose substances present in the sugar beet 
raw juice are in particular high molecular weight protein 
substances, polysaccharides and cell wall constituents, and 
also low molecular weight organic or inorganic acids, amino 
acids and mineral substances. The cell wall constituents are 
primarily pectin substances, lignin, cellulose and hemi- 
cellulose. The protein substances present in the sugar beet 
raw juice are, for example, proteins and nucleoproteids . The 
invention preferably envisages that, when a static or dynamic 
decanter is used as the first removal apparatus, the 
flocculant is added to a content of 1 to 3 ppm. The invention 
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preferably also envisages that, where a centrifuge is used, 
especially a pan centrifuge or decanter centrifuge, as the 
first removal apparatus, the flocculant is added to a content 
of 1 to 8 ppm. Flocculants particularly preferred in 
accordance with the invention are AN 945, 2440 and 2540. 

According to the invention, the coagulate removed 
using the first removal apparatus is concentrated further and 
thickened by means of a second removal apparatus, the second 
removal apparatus used being one or more membrane filter 
press (es) or one or more decanter centrifuge (s) and/or pan 
separator (s) or one or more vacuum rotary filters. 

The resulting concentrated coagulate, which is 
present, for example, in the form of a filtercake, preferably 
has a dry substance content of 60 to 70%. The non-sucrose 
substance concentrate obtained in accordance with the 
invention is notable in particular for its high phosphate 
content. The invention envisages that the concentrated 
coagulate can be comminuted further and dried. 

The present invention therefore also relates to a 
non-sucrose concentrate, comprising a dewatered coagulate of 
non-sucrose substances made from sugar beet raw juice, 
obtainable using a process according to the invention, 
especially obtainable by preliming the sugar beet raw juice 
with addition of milk of lime and a flocculant for 
precipitation or coagulation of non-sucrose substances and 
removal of the separated or coagulated non-sucrose substances 
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from the sugar beet raw juice. The non-sucrose substance 
concentrate is notable in that the non-sucrose substances 
comprise in particular high molecular weight protein 
substances, polysaccharides and cell wall constituents, and 
also low molecular weight organic or inorganic acids, amino 
acids and mineral substances of the sugar beet raw juice. 
According to the invention, the concentrate has a high 
phosphorus content . 

The present invention likewise relates to the use of 
the non-sucrose substance concentrate as a fertilizer or soil 
improver. A further preferred use of the non-sucrose 
substance concentrate consists in the use as an animal feed. 
For use as an animal feed, the inventive non-sucrose 
substance concentrate is preferably comminuted, mixed with 
molasses and dried, and then used as animal feed. 

The present invention solves the technical problem on 
which it is based also by an apparatus for preliming sugar 
beet raw juice and/or for obtaining a non-sucrose substance 
concentrate which consists of a concentrated coagulate of 
non-sucrose substances made from sugar beet raw juice, 
comprising at least one vessel for milk of lime treatment of 
the raw juice for coagulation of the non-sucrose substances 
present in the sugar beet raw juice, said vessel having at 
least one inlet for the raw juice, at least one inlet for 
milk of lime and an outlet for discharge of the prelimed raw 
juice, and at least one first removal apparatus for removing 
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the coagulate slurry obtained in the preliming from the 
preliming juice, said removal apparatus having an inlet, 
connected to the outlet of the vessel, for the preliming 
juice, a first outlet for discharge of the clear preliming 
juice removed from the coagulate slurry, and a second outlet 
for discharge of the coagulate slurry. The first removal 
apparatus is preferably a static or dynamic decanter or one 
or more centrifuge (s) , in particular one or more pan 
centrifuge (s) or/and decanter centrifuge (s) . 

In a preferred embodiment, the second outlet of the 
first removal apparatus is connected via a feed line to a 
second removal apparatus, in order to further concentrate and 
to thicken the coagulate slurry present in the first removal 
apparatus . 

According to the invention, the second removal 
apparatus has an inlet for the coagulate slurry discharged 
from the first removal apparatus, a first outlet for the 
discharge of the clear preliming juice obtained in the 
coagulate slurry concentration, and a second outlet for 
discharge of the concentrated coagulate slurry. According to 
the invention, the second removal apparatus is more 
preferably one or more membrane filter press (es) or at least 
one centrifuge, in particular a pan separator or a decanter 
centrifuge or a vacuum rotary filter. 

The vessel or reactor used for preliming of the sugar 
beet raw juice may, for example, be an upright vessel which 
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is divided by intermediate plates aligned essentially 
horizontally into chambers one on top of another, which are 
connected via passage orifices and acted upon by stirrer 
elements, by means of which the adjustment of the pH profile 
can be performed in a simple manner. The stirrer elements 
used may be axial pumps. However, the individual chambers of 
the reactor may also be connected via external pipelines 
which pass the juice from the start of one chamber to the end 
of the next chamber. 

However, the preliming reactor or preliming vessel 
may also be designed as a stirred tank battery whose stages 
each have at least one chamber or a plurality of chambers 
flowed through in sequence by juice. 

The preliming reactor or preliming vessel used in 
accordance with the invention preferably allows a progressive 
alkalization of the sugar beet raw juice in countercurrent to 
already alkalized juice. The preliming reactor used in 
accordance with the invention therefore suitably has 
transport devices which conduct a required recycling amount 
with maximum constancy counter to the main flow direction. 

The invention is illustrated in detail by figures 1 
and 2 and the example. 

Figure 1 shows, in schematic form, one embodiment of 
the inventive apparatus for preliming sugar beet raw juice 
and/or for producing a non-sucrose substance concentrate, 
comprising a vessel 3 for milk of lime treatment of the sugar 
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beet raw juice and, connected thereto, a first removal 
apparatus 11 for removing the coagulate obtained in the 
preliming in the vessel 3 from the preliming juice. The 
vessel 3 has an inlet 5 for the sugar beet raw juice and an 
inlet 7 for the milk of lime. The vessel 3 also has an 
outlet 9 for discharge of the preliming juice. The outlet 9 
of the preliming vessel 3 is connected to the inlet 13 of the 
first removal apparatus 11 via a line 19, so that the 
preliming juice from the preliming vessel 3 passes into the 
first removal apparatus 11. In the first removal 
apparatus 11, the coagulate formed in the preliming juice is 
removed from the clear preliming juice as coagulate slurry, 
the coagulate slurry being transported via the outlet 17 of 
the removal apparatus 11 out of the removal apparatus 11, 
while the clarified preliming juice is transported via the 
outlet 15 of the removal apparatus 11 out of the removal 
apparatus 11. 

Figure 2 shows, in schematic form, a further 
embodiment of the inventive apparatus for preliming sugar 
beet raw juice and/or for producing a non-sucrose substance 
concentrate. The inventive apparatus 1 comprises a vessel 3 
for milk of lime treatment of the sugar beet raw juice and, 
connected thereto, a first removal apparatus 11 for removing 
the coagulate obtained in the preliming in the vessel 3 from 
the preliming juice. In addition to the inlet 5 for the raw 
juice and the inlet 7 for the milk of lime, the vessel 3 also 
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has an inlet 6 for the introduction of carbonated juice 
concentrate which is obtained from the first and second 
carbonatation which are not shown. The vessel 3 likewise has 
an outlet 9 for discharge of the resulting preliming juice. 
The outlet 9 of the preliming vessel 3 is connected via a 
line 19 to the inlet 13 of the first removal apparatus 11, so 
that the preliming juice from the preliming vessel 3 passes 
into the first removal apparatus 11. In the first removal 
apparatus 11, the coagulate formed in the preliming juice is 
removed as coagulate slurry from the clear preliming juice. 
The clarified preliming juice is transported via the 
outlet 15 out of the first removal apparatus 11. The removed 
coagulate slurry is transported via the line 17 out of the 
first removal apparatus 11. The outlet 17 is connected via 
the line 31 to the inlet 25 of the second removal 
apparatus 23, so that the coagulate slurry from the first 
removal apparatus 11 passes via the outlet 17, the line 31 
and the inlet 25 into the second removal apparatus 23. In the 
second removal apparatus 23, the coagulate slurry introduced 
is concentrated to obtain a concentrate coagulate slurry and 
a further clear preliming juice. The concentrated coagulate 
slurry is transported via the outlet 27 out of the second 
removal apparatus 23. The clear preliming juice formed in the 
second removal apparatus 23 is transported via the outlet 29 
out of the second removal apparatus 23 and fed via the 
line 33 connected to it to the line 21 in which the clear 
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preliming juice is transported out of the first removal 
apparatus 11. In this way, the clear preliming juice from the 
second removal apparatus 23 is mixed with the clear preliming 
juice from the first removal apparatus 11. The mixture of the 
clear preliming juices from the first removal apparatus 11 
and the second removal apparatus 23 is then passed together 
via the line 35 and via heat exchangers which are not shown 
to the main liming. 
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Example 

Juice purification with the removal of preliming coagulate 

Preliming 

30 kg of raw juice are introduced into a heated 
vessel which has a volume of 50 1 and has a stirrer, a CO2 
introduction tube and a pH electrode, and heated to 55°C. 
Over a period of 20 min, milk of lime is added stepwise to 
the raw juice up to the pH of the optimal flocculation point 
of the preliming (approx. 0.1 to 0.3 g of CaO/100 ml of 
juice) . To increase the settling rate, a polyanionic floc- 
culating assistant (AN 945) is subsequently added. The clear 
supernatant formed (clear juice) is drawn off in a stock 
vessel. The carbonated juice concentrate formed is discharged 
and sent to a membrane filter press or decanter centrifuge. 
Main liming 

25 kg of clear juice are introduced into the cleaned, 
heatable vessel and admixed with milk of lime in an amount of 
0.6 g of CaO/100 ml of juice (conventional processes: about 
1.0-1.1 g of CaO/100 ml of juice). The juice temperature is 
then increased to 85 °C. This temperature is kept for 2 0 min. 
First carbonatation 

Introduction of CO2 lowers the pH to 11.2 over a 
period of 15 min. 
First filtration 

The carbonatized juice is transferred into a 30 1 
suction filter and filtered. The coefficient of filtration of 
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the resulting carbonated juice is less than 0.5 s/cm , while 
the coefficient of filtration of the carbonated juice 
obtained by means of the conventional process is about 
2 s/cm 2 . 

Second carbonatation 

The filtered juice is transferred into the cleaned, 
heatable vessel and heated to 95°C. Introduction of CO2 
lowers the pH to 9.2. 
2nd filtration 

The carbonatized juice is transferred into a 30 1 
pressure suction filter and filtered. The thin juice is 
obtained. 
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